The dissociating states of the triplet-excited CO-He complex are studied by means of scattering calculations on ab initio diabatic potential energy surfaces produced in the preceding paper ͑Paper I͒. With the aid of an effective transition dipole function and the bound states of the CO-He complex in the ground singlet state we obtain the photoabsorption cross section as a function of the excitation energy and generate the full UV spectrum of the singlet-triplet transition. It was found that the dominant contributions to the spectrum, in the energy range from Ϫ5 to ϩ10 cm Ϫ1 relative to the band origin at 48 473.201 cm Ϫ1 , originate from resonances that correspond to higher spinorbit levels of the excited CO(a 3 ⌸) -He complex with approximate quantum number ͉⍀͉ϭ1. Rapid predissociation, with the triplet CO fragment decaying into its lower spin-orbit levels with ⍀ϭ0, limits the lifetime of these excited levels to, typically, 10-700 ps. We also predict the rotational and spin-orbit state distribution of the triplet CO fragment and the maximum deflection angle of the photodissociation products in a molecular beam experiment.
I. INTRODUCTION
The triplet (a 3 ⌸) excited CO molecule is an interesting metastable species which has received considerable attention. [1] [2] [3] [4] [5] It can be cooled by electrostatic deceleration 6 of an already cold molecular beam and it lives sufficiently long to be used in scattering experiments. 7, 8 In the preceding paper 9 ͑Paper I͒ we studied the complexation of CO(a 3 ⌸) with a He atom. The presence of this He atom lifts the spatial degeneracy of the CO(a 3 ⌸) state and splits it into an AЈ state and an AЉ state. These states are even and odd, respectively, under reflection in the plane of the nuclei. We computed the adiabatic potential surfaces of CO(a 3 ⌸) -He that correspond to these AЈ and AЉ symmetries by the spinrestricted coupled cluster method with single and double excitations and perturbative triples ͓RCCSD͑T͔͒. Nonadiabatic coupling is important, because these surfaces are degenerate for linear geometries, and we constructed two diabatic potential surfaces. After making an analytic fit of these diabatic potentials we computed the bound levels of the triplet excited CO-He complex by a variational method, with the inclusion of the spin-orbit and spin-spin couplings.
We also wanted to compute the UV spectrum that corresponds to the singlet-triplet transition in the CO-He complex, but it turned out that for most of the excited upper levels it was impossible to converge the variational bound state calculations. From experimentation with the radial basis we learned that this problem was probably due to a fast dissociative decay of the upper levels, on a time scale that is much shorter than de-excitation of the CO(a 3 ⌸) monomer to its ground singlet (X 1 ⌺ ϩ ) state. This rapid decay is not caused by the effect that the presence of the He atom accelerates the triplet-singlet de-excitation process, but originates from a completely different mechanism: spin-orbit predissociation. In order to understand this mechanism one should know that the triplet excited CO molecule is a typical Hund's case ͑a͒ species with three series of 3 ⌸ ⍀ levels, characterized by the quantum numbers ͉⍀͉ϭ0, 1, and 2, and split by spin-orbit coupling by approximately 40 cm Ϫ1 . The quantum number ⍀ is the projection of the total electronic ͑orbital plus spin͒ angular momentum lϩS of CO(a 3 ⌸) on the CO bond axis and, simultaneously, the axial component of the total angular momentum J of CO. The spin-forbidden a 3 ⌸ ←X 1 ⌺ ϩ transition in CO becomes weakly allowed by some admixture of the singlet A 1 ⌸ state into the excited triplet a 3 ⌸ state, caused by spin-orbit coupling, combined with the fact that the A 1 ⌸←X 1 ⌺ ϩ transition is an allowed ͑per-pendicular͒ transition. Only the CO( 3 ⌸ ⍀ ) levels with ⍀ ϭϮ1 would be excited by this transition if ⍀ were an exact quantum number, but for JϾ0 it is not. Still, for low J the transitions to the 3 ⌸ Ϯ1 levels are by far the most intense. These levels are higher in energy than the 3 ⌸ 0 levels by about 40 cm Ϫ1 and, since the binding energy D 0 of the CO(a 3 ⌸) -He complex is only about 8 cm Ϫ1 , they can decay into CO( 3 ⌸ 0 ) and He. This process is called spin-orbit predissociation; the CO fragments produced by it are still in their metastable triplet state, in the lowest spin-orbit component.
In the present paper ͑Paper II͒ we study this process by means of coupled-channel calculations with photodissociation boundary conditions. These calculations include both diabatic states of CO(a 3 ⌸) -He simultaneously, and they also include the spin-orbit, spin-spin, an ⌳-doubling terms in the Hamiltonian of Paper I. From the bound levels of ground state CO(X 1 ⌺ ϩ ) -He ͑see also Paper I͒ and the continuum states obtained from the coupled-channel calculations we compute the photodissociation cross sections. An effec-tive transition dipole function for the spin-forbidden a 3 ⌸ ←X 1 ⌺ ϩ transition was constructed in Paper I. From the widths of the resonances in the photodissociation cross section we extract the lifetimes of the excited upper levels. The partial cross sections yield the distributions of the CO( 3 ⌸) fragments over the rotation (J), spin-orbit ͑⍀͒, and parity ͑⑀͒ levels. Finally, we generate the full UV absorption spectrum and suggest how the presence of the excited CO(a 3 ⌸) -He complex can be detected even though it undergoes rapid predissociation.
II. PHOTODISSOCIATION CALCULATIONS

A. Coupled-channel formalism
The CO monomer was considered as a rigid rotor with bond length r e ϭ2.132 a 0 for the ground X 1 ⌺ ϩ state and r e ϭ2.279 a 0 for the triplet excited a 3 ⌸ state. The Hamiltonian of the CO(a 3 ⌸) -He complex is given by Eq. ͑12͒ of Paper I with the diabatic potentials V 1,1 (R,) and V 1,Ϫ1 (R,) related to the ab initio computed adiabatic AЈ and AЉ potentials by Eq. ͑4͒ of Paper I. The coordinate R is the length of the vector R from the CO center of mass to the He nucleus and is the angle between the CO bond axis and the vector R.
The parity-adapted Hund's case ͑a͒ basis for the CO monomer is given by
and defined more in detail by Eqs. ͑13͒ and ͑14͒ of Paper I. The total angular momentum quantum numbers J and ⍀ were already defined in the Introduction and ⑀ is the parity under inversion. The electronic orbital angular momentum ͉⌳͉ equals 1 for the a 3 ⌸ state and the spin S equals 1 as well, so we can introduce the shorthand notation ͉⍀,J,M J ,⑀͘ϵ͉͉⌳͉,S,⍀,J,M J ,⑀͘. The CO monomer Hamiltonian Ĥ CO is defined by Eq. ͑10͒ of Paper I. The exact eigenfunctions of this Hamiltonian can be written as
The corresponding energies are E kJ⑀ . This implies that ⍀ is not an exact quantum number except for Jϭ0.
For the CO(a 3 ⌸) -He complex we couple the CO monomer basis of Eq. ͑1͒ to a set of spherical harmonics ͉L,M L ͘ϭY L,M L (␤,␣) that describe the end-over-end rotation of the CO-He complex;
͑3͒
The operator L represents the angular momentum associated with the end-over-end rotation and ͑␤,␣͒ are the polar angles of R with respect to a space-fixed ͑SF͒ frame. The coupled functions, with the Clebsch-Gordan coefficients
10 are eigenfunctions of F 2 and F ϭĴ ϩL is the total angular momentum operator. The quantum number F and its SF component M F are exact quantum numbers. Also the parity p which is related to the parity ⑀ of the monomer functions by pϭ⑀(Ϫ1) L is an exact quantum number. This is the same basis as used in Paper I, cf. Eq. ͑15͒, with the exclusion of the radial functions ͉n͘.
Scattering wave functions for the CO(a 3 ⌸) -He complex for given energy E can be expanded in terms of the channel basis functions of Eq. ͑3͒ as ͉k,J,L;E͘
The exact quantum numbers F, p are omitted from the notation of the radial expansion functions ⍀,J,L k,J,L (R;E). Note that the upper label of these functions corresponds to their asymptotic behavior for R→ϱ. It refers to the exact eigenstates ͉k,J,⑀͘ of the CO monomer with ⑀ϭp(Ϫ1) L , rather than to the monomer basis functions ͉⍀,J,⑀͘.
The expansion
where
are the matrix elements of the operator,
over the basis functions of Eq. ͑3͒ and is the reduced mass of the complex. The exact quantum numbers F and p are again omitted from the notation. The W matrix elements are computed with the aid of Eqs. ͑16͒ and ͑17͒ of Paper I. The diabatic potentials V ⌳ 1 ,⌳ 2 (R,) with ⌳ 1 ,⌳ 2 ϭϮ1 are also described in Paper I. Usually, in the CC method one uses the eigenstates of the monomers as channel functions in the scattering problem. Here, we kept the Hund's case ͑a͒ basis ͉⍀,J,L͘ in the propagation because the calculation of the W matrix and the dipole transition matrix is more straightforward. Note that Ĥ CO is not diagonal in this basis. The boundary conditions for photodissociation are the reverse of the usual scattering boundary conditions. 11 The asymptotic form of the expansion functions for R→ϱ is
where v represents the outgoing waves, u the incoming waves, and S the S matrix. The expansion functions should be regular solutions of the coupled equations, i.e.,
where h L (1) (k kJ⑀ R) and h L (2) (k kJ⑀ R) are modified spherical Bessel functions of the first and second kind, respectively, E kJ⑀ are the exact energy levels of the free CO monomer, and k kJ⑀ ϭͱ2(EϪE kJ⑀ )/ប 2 . The prefactor ͱk kJ⑀ /2ប 2 originates from the energy normalization of the wave functions. All open channels (E kJ⑀ ϽE) and the closed channels (E kJ⑀ ϾE) with J up to a given value J max were included in the calculation.
The incoming and outgoing waves u and v and the radial expansion functions in Eq. ͑7͒ correspond to the exact CO eigenstates ͉k,J,⑀͘ rather than to the Hund's case ͑a͒ basis ͉⍀,J,⑀͘ used in the propagation. Therefore, a transformation of the boundary conditions was included in the procedure to compute the S matrix at the end of the propagation. The elements of the required transformation matrix are the eigenvector coefficients a ⍀,k J in Eq. ͑2͒.
B. Matching procedure for bound states
In order to calculate the radial integrals in the expression of the photodissociation cross section ͑see below͒ it is necessary to compute the bound wavefunctions of ground state CO(X 1 ⌺ ϩ ) -He on the same radial grid as the scattering functions of CO(a 3 ⌸) -He. These bound wave functions were calculated variationally in Paper I, and it would be easy to evaluate them on a grid. As an additional check of the convergence of the variational calculations we found it useful, however, to recompute the bound levels with our scattering program. Methods to obtain bound states from a scattering propagation procedure have been known for a long time. [12] [13] [14] [15] The angular basis for ground state CO(X 1 ⌺ ϩ ) -He is given in principle by Eq. ͑3͒, but it is much simpler than the basis for the triplet state since ⌳ϭSϭ⌺ϭ⍀ϭ0 in the ground state. We denote the basis by ͉J,L,F,M F ,p͘ or, for given F,M F ,p, by the shorthand notation ͉J,L͘. It is parityadapted automatically with parity pϭ(Ϫ1) JϩL . The bound state wave functions are
The radial expansion functions f J,L (R), put into a column vector f(R) with components labeled by (J,L), and the corresponding eigenvalues E b are obtained from a matching procedure that we now briefly describe.
In the renormalized Numerov method applied in our scattering program one propagates matrices Q n outward on a grid R n ;nϭ1,...,N. These matrices Q n are defined by f͑R n ͒ϭQ nϩ1 f͑R nϩ1 ͒, ͑10͒
and the condition that the radial wave functions f(R) are regular, i.e., that they vanish for R→0. Since the bound state wave functions must also go to zero for R→ϱ we define another set of matrices Q n by
with functions f(R n ) that vanish for R→ϱ. The inward propagation of Q n is analogous to the scattering calculation, but is started at a value of R where the bound state wave functions may be assumed to be negligibly small. The functions f(R) and f(R) match only when the scattering energy E is equal to the energy E b of one of the ͑discrete͒ bound levels. Numerically this is achieved by setting f(R n ) ϭf(R n ) and finding a zero of the norm,
We impose the additional condition that the bound state wave functions ͉b͘ are normalized, i.e.,
where ⌬ is the step size in the propagation. This condition ensures that f(R n ) cannot be zero since the wave functions f(R i ) for all R i are linearly related to the wave function f(R n )ϭ f(R n ) at the matching point by
with A n ϭ1 and A i defined by the recursion relations
These relations follow directly from Eqs. ͑10͒ and ͑11͒. After substitution of Eq. ͑14͒ the normalization condition, Eq. ͑13͒, can be written as
The matrix B, Eqs. ͑17͒ and ͑15͒, is computed from the matrices Q j and Q j at the end of the propagation. We define
in order to rewrite Eqs. ͑12͒ and ͑16͒ as ʈ f͑R nϩ1 ͒Ϫf͑ R nϩ1 ͒ʈϭʈCxʈ with ʈxʈϭ1. ͑19͒
The minimum of ʈCxʈ/ʈxʈ over all x is known as the smallest singular value of the matrix C, as obtained from a singular value decomposition ͑SVD͒ ͑Ref. 16͒ of this matrix. We start with an appropriate set of trial energies and consider the smallest singular value as shown in Fig. 1 , for example. The energies where the zeros occur, i.e., the bound state energies E b , are found by linear extrapolation. The accuracy can be improved by iteration, but it turned out that this was not necessary in most cases. The corresponding wave functions ͉b͘ are obtained from propagation at the energies E b .
C. Photodissociation cross sections
In order to predict the results of future measurements we calculated partial and total photodissociation cross sections and product state distributions. These cross sections are used to generate a theoretical UV absorption spectrum for the singlet-triplet transition in CO-He.
The partial photodissociation cross section for a transition from bound state ͉b,F,M F , p͘ of energy E b F,p to a dissociating state of energy E with the CO fragment in state ͉k,J,⑀͘ is
͑20͒
where ϭ(EϪE b F,p )/ប is the frequency, e the direction of the electric field vector of the laser beam, c the velocity of light, and ⑀ 0 the vacuum dielectric constant. The scattering wave functions ͉k,J,L;E͘ FЈ,M F Ј ,pЈ are defined in Eq. ͑4͒. The matrix elements of the effective dipole moment operator over the basis of Eq. ͑3͒ and the corresponding selection rules are given in Paper I, Eq. ͑20͒. For given parity p of the initial bound state the parity pЈ of the scattering state must be opposite to p. The parity ⑀ of the triplet CO dissociation fragment can be even or odd, because of the relation p ϭ⑀(Ϫ1) L and the summation over L occurring in the cross section.
The total photodissociation cross section is a sum over the partial cross sections
The singlet-triplet UV absorption spectrum at a given temperature T is obtained by taking a Boltzmann distribution over the initial states ͉b,F, p͘,
/kT) is the partition function.
The CO product distribution or branching ratio that corresponds to a specific transition E←E b F,p is given by the ratio of the partial and total cross sections
The measured branching ratio at a given spectral frequency can be obtained again from Boltzmann averaging over the initial states ͉b,F, p͘, cf. Eq. ͑22͒.
III. COMPUTATIONAL DETAILS
Both for the bound and scattering states we used the renormalized Numerov propagation method described in Refs. 13 and 14. The advantage of this algorithm is that it makes it easy to generate the scattering wave functions, which was essential in the calculation of the photodissociation cross sections. We propagated on a grid that ranges from Rϭ3.5 to 50 a 0 with a step size of 0.1373 a 0 . The tails of the bound state wave functions vanish between 20 and 30 a 0 .
The angular basis set includes values of J up to J max ϭ8 with L running according to the triangular rule from ͉F ϪJ͉ to FϩJ. F, which is a good quantum number, was fixed at values of 0, 1, 2, 3, 4, 5. At the chosen temperature of 5 K only the ground state levels with F up to 4 have a non-negligible population and the selection rules allow transitions with ⌬FϭϪ1, 0, and 1.
The ground state wave functions and energies were obtained by the matching procedure described in Sec. II B and illustrated in Fig. 1 , with a set of trial energies ranging from Ϫ8 to 0 cm Ϫ1 in steps of 0.25 cm Ϫ1 . This choice was based on the knowledge from the variational calculations presented in Paper I. The matching point was chosen at Rϭ7 a 0 , which is close to R e . The radial integrations in the transition dipole matrix elements occurring in the photodissociation cross sections, see Eq. ͑20͒, were performed directly during the propagation procedure. At the end of the propagation when the S matrix was determined the integrals were transformed to the correct S-matrix boundary conditions for the scattering wave functions, see Sec. II A.
The energy level structure of CO(a 3 ⌸) is dominated by the spin-orbit splitting, which leads to a set of levels with ⍀ϭ0 starting at Ϫ41.45 cm Ϫ1 , a set of levels with ͉⍀͉ ϭ1 starting at zero energy, and a set of levels with ͉⍀͉ϭ2 starting at ϩ41.45 cm Ϫ1 . Here, the zero of energy corresponds to the energy of the CO(a 3 ⌸) state calculated without spin-orbit coupling. Hence, the continuum of CO(a 3 ⌸) -He starts at the ⍀ϭ0 dissociation limit. The photodissociation cross sections were computed for a set of energies E ranging from Ϫ41.45 to ϩ60 cm Ϫ1 with a step size of 0.01 cm Ϫ1 . Table I shows the results of the matching calculation for the CO(X 1 ⌺ ϩ ) -He bound states, compared to the results of the variational calculations performed in Paper I. The first four columns of the table contain the exact (F, p) and approximate (J,L) quantum numbers defining the character of these bound states. The populations of the J,L components indicated are given in columns 6 and 8. It is clear from these results that the results of the variational calculations are well reproduced by the scattering calculations with the matching procedure. The largest discrepancies occur for levels close to the dissociation limit; the scattering calculations are more accurate in this case. Figure 2 displays the spectrum of the a 3 ⌸←X 1 ⌺ ϩ transition in CO-He calculated at 5 K. The band origin of this transition in free CO is 48 473.201 cm Ϫ1 . The energy in this figure is set to zero at this band origin. The spectrum exhibits clearly the three different regions corresponding to the spin-orbit manifolds of free CO(a 3 ⌸): around Ϫ40 cm Ϫ1 for ⍀ϭ0, around zero for ͉⍀͉ϭ1, and around ϩ40 cm Ϫ1 for ͉⍀͉ϭ2. This is illustrated by the schematic diagram in Fig. 6 of Paper I. It is clear from Fig. 2 that most of the intensity goes into the excited levels with ͉⍀͉ϭ1. We explained already that this is related to the mechanism which makes the singlet-triplet transition ͑weakly͒ allowed: the CO(a 3 ⌸) state has some admixture of the A 1 ⌸ state and the A 1 ⌸←X 1 ⌺ ϩ ͑perpendicular͒ transition is allowed. It is the ͉⍀͉ϭ1 component of the a 3 ⌸ state that mixes with the ͑purely ͉⍀͉ϭ1) A 1 ⌸ state and becomes excited. The fact that also the ⍀ϭ0 and ͉⍀͉ϭ2 levels receive a small amount of intensity is due to the property that ⍀ is not an exact quantum number for JϾ0 even in free CO(a 3 ⌸). Figure 3 shows the intense region of the spectrum that corresponds to the upper levels with ͉⍀͉ϭ1. From Fig. 3͑a͒ , which presents the overall structure, it is clear that the spec- FIG. 3 . Region of the spectrum corresponding to the excited spin-orbit levels with ͉⍀͉ϭ1 ͑a͒, with more detail given in ͑b͒. Labeled peaks are specified in Table II trum in this region is quite complicated. Figure 3͑b͒ which zooms in on part of this region shows the underlying peaks that are responsible for this complicated structure. The individual peaks ͑dashed lines͒ are the contributions of different FЈ←F transitions, to which we can assign all quantum numbers and energies of the initial and final states in the complex. In the same manner, Figs. 4͑a͒ and 4͑b͒ present details of the regions in the spectrum that correspond to the upper levels with ⍀ϭ0 and ͉⍀ϭ2͉, respectively.
IV. DISCUSSION
In Figs. 2 and 4͑a͒ one can observe both discrete boundbound transitions and bound-free resonances; the boundbound transitions are represented by sticks. The upper levels in these bound-bound transitions are the levels with ⍀ϭ0 in the potential well of CO(a 3 ⌸) -He that have insufficient energy to dissociate. Remember that the zero-point level of CO(a 3 ⌸) -He lies at Ϫ48.29 cm Ϫ1 ͑see Table IV of Paper I͒, while the ⍀ϭ0 dissociation limit is at Ϫ41.45 cm Ϫ1 . The intensities of these discrete lines were obtained from the oscillator strengths in Paper I and the same Boltzmann averaging procedure as used for the bound-free transitions. The heights of the sticks that mark these bound-bound transitions in Fig. 2 were computed by a formula from Refs. 17 and 18,
This formula ensures that the intensities of bound-bound and bound-free transitions join smoothly at the dissociation limit; ␣͑͒ represents the equivalent cross section of the bound-bound f ←i transition, ϭ(E f ϪE i )/ប, c is the velocity of light ͑in atomic units͒, (E f ) is the energy density just below the dissociation limit, and S( f ←i) is the dipole oscillator strength defined in Eq. ͑21͒ of Paper I. The density (E f ) was calculated by taking into account the highest 10 nondissociating states ͑see Table III of Paper I͒. They range from Ϫ43.85 to Ϫ42.12 cm Ϫ1 which gives a density (E f )ϭ5.78/cm Ϫ1 . The excited state dissociation threshold lies at Ϫ41.45 cm Ϫ1 , but the transition from bound-bound to bound-free transitions in the spectrum of Fig. 2 ͑around Ϫ40 cm Ϫ1 ) is blurred by the Boltzmann averaging over the initial bound states. The main peaks in the spectra are labeled and the corresponding transitions are reported in Tables II  and III.  Table II presents for each of the peaks labeled in the figures ͑labels in the first column͒: the transition frequency ͑column 2͒, the quantum numbers of the initial state ͑column 3͒, the quantum numbers (FЈ,pЈ), energy E, and lifetime of the excited scattering state ͑columns 4, 5, and 6͒, and the relative intensity of the specified transition at this frequency ͑column 7͒. The latter quantity gives an indication of the contribution of the smooth continuum background and of the different transitions that can possibly occur at this frequency ͑see peaks 9 and 10, for example͒. The excited state lifetimes FIG. 4 . Regions of the spectrum corresponding to the excited spin-orbit levels with ⍀ϭ0 ͑a͒ and ͉⍀͉ϭ2 ͑b͒. Labeled peaks are specified in Table  II. TABLE II. Peaks in the UV spectrum: transition frequencies , initial and final state quantum numbers, final state energy E, lifetime , and relative contribution of the transition to the intensity at frequency .
were obtained by fitting the resonances in the photodissociation cross section with a single Lorentzian function. Since this fit was not always perfect, because of the continuum background and because of overlapping resonances, the resulting lifetimes should be considered as estimates. Attempts to correct for this background were not always successful. It is interesting to observe that some of the excited state resonances are probed more than once, at different frequencies and by different transitions. See, for example, peaks 5, 7, and 12. The lifetimes ͑linewidths͒ and peak positions of these resonances that result from different fits show only slight variations. Table III lists for a given transition frequency the CO product distribution after dissociation. The first column contains again the peak labels corresponding to Table II and  Figs. 3 and 4 . Column 2 shows the exact quantum numbers (k,J,⑀) of the CO(a 3 ⌸) fragment and column 3 the corresponding energies of free CO. Note that the quantum number kϭ1 which is found in all cases tabulated corresponds to an approximate quantum number ⍀ϭ0 of the CO fragment. Column 4 gives the relative contribution of each product according to Eq. ͑23͒. Percentages of 100% are found at the lowest energies, which implies that only one channel is open at these excitation energies. Column 5 gives the same relative contribution at the given transition frequency after the Boltzmann averaging over the initial states, cf. Eq. ͑22͒. Table II . Columns 2 and 3 list the quantum numbers and energy of the emerging CO fragment, column 4 the product distribution from Eq. ͑23͒, and column 5 the same relative contribution after Boltzmann averaging over the initial states. The exact CO quantum number kϭ1 corresponds to an approximate spin-orbit quantum number ⍀ϭ0. Only contributions on the order of 10% and higher are listed. Rotational states of CO(a 3 ⌸) with values of J up to 5 are energetically accessible from the higher energy part of the spectrum and such states are indeed found. The results in columns 4 and 5 are mostly similar, but not in all cases. The results in column 5 are observable quantities in terms of counts measured on a detector, whereas the results in column 4 are merely of theoretical importance. It is of importance to note in this respect that the transition listed in Table II for each peak corresponds to the resonance that yields the most important contribution to the spectrum at the frequency of the top of this peak. The relative intensity of that specific transition can be found in the last column of Table II . Some of the numbers in this column are comparatively small, which demonstrates the presence of a large continuum background. Note that the sum of the numbers in column 5 of Table III is always larger than the number in the last column of Table II , because the same product can arise from transitions other than the one indicated.
The last column of Table III gives the maximum deflection angle of the CO fragment after dissociation in a beam experiment. After the singlet-triplet excitation of the CO-He complex with the laser beam this complex is very short-lived; the lifetimes are given in Table II . The excess energy released in the complex after dissociation is shared by the spin-orbit and rotational degrees of freedom of the CO monomer and the relative translational motion of CO and He. The CO monomer is not de-excited to its singlet ground state-this is a much slower process-but to a lower spinorbit level of the metastable a 3 ⌸ state and the amount of energy available after dissociation is rather small ͑typically about 40 cm Ϫ1 ). From the distributions of the CO fragment over its spin-orbit and rotational states, with energies E kJ⑀ given also in Table III , one knows the amount of relative translational energy available,
where 0 ϭ48 473.201 cm Ϫ1 is the band origin of the singlet-triplet transition. The maximum deflection angle occurs when the fragments fly apart perpendicularly to the molecular beam direction and one finds by simple classical mechanics that the CO velocity equals v CO ϭͱ2T/m CO , where is the reduced mass of the complex. In the laboratory frame the center of mass is moving with speed v along the beam axis which implies that the maximum deflection angle is CO ϭarctan(v CO /v). These angles are presented in Table III for a benchmark beam velocity of vϭ1000 m/s. For the contributions that originate from the most intense part of the spectrum ͑the ͉⍀͉ϭ1 excited levels͒ they are typically Ϸ3°. The lower part of the spectrum ͑the ⍀ϭ0 excited levels͒ corresponds to a much smaller deflection angle (Ϸ0.7°) but its intensity is much lower. The best method to detect the triplet excited CO-He species is probably by aiming for the more intense part and placing the detector sufficiently close to the excitation region.
